I. Introduction: '
The focus of this paper is on surface magnetic anisotropy of 3d ferromagnetic transition metals. While the exchange interaction is responsible for the net magnetization associated with ferromagnetism, it is the magnetic anisotropy energetics that determine the direction of that magnetization with respect to the crystallographic axes and to the shape of the sample. Van Vleck[ lI originally proposed that the magnetic anistropy of the ferromagnetic transition metals was due to the spin-orbit interaction. Nrel[2! was then the first to introduce the concept that the surface can have its own strong magnetic anisotropies due to the lowered symmetry relative to the bulk crystal. Crradmamaand coworkers [3] were first experimentally to observe the consequences of strong surface anisotropies in terms of vertical easy axes of magetization for ultrath_ films, whereas the easy axes are in-plane for thicker films for which surface effects can no longer dominate.
The study of surface magnetic anisotropy has grown in popularity with the advent of vertical recording and magneto-optic data storage media. It is now clear that surface magnetic anisotropy can endow a material with device potential and marketability. When this is compounded with the realization that ultrathin f'tlms and artifically layered materials can be atomically en_neered to have the desired anisotropies, the renewed interest is quite understandable. These developments have led Kaneyoshi[ 4] recently to point out that the surface magnetic anisotropy is "of paramount importance in determinir:g the magnetic properties of surfaces and thin films."
Both theoretical and experimental activities are underway currently. [ 21] and Bntlouin light scattering, [ 22] as well as micromagnetic modeling[ 231 to interpret images taken by means.of scanning electron microscopy with polarization analysis (SEMPA). Tabulations of approximate anisotropy constants appear in many of the works referred to above, as well as in a paper devoted to the subject by Bruno and Ren_d. [ 24] The sphere of interest expands as one acknowledges the relationship between surface and interface anisotropy. Then studies in the superlattice field help in the cross- ' amorphous alloy f-tlms[28]or multilayers. [29] In addition to efforts to quantify anisotropy constants, the direct observation of vertical easy axes also has become an exciting endeavor. For example, SEMPA has been used to observe a continuous reorientation transition that takes place as a function of Co thickness for epitaxial Co/Au(ll 1) films. [ 23] Spin-polarized secondary-electron spectroscopy has been used to discover a reversible reorientation wansition ( i _ II ) that For a review of the SMOKE technique the reader is referred to the article by Bader. [ 33] .
III. YeNcal Easy Axc,s in ldlt_r_1hin Magneti_ Films
In this section four systems will be highlighted and discussed in the light of the opportunities they offer for further study. The studies identify critical thickness values for vertical easy axes. Figure 1 shows the thickness dependence of the Kerr intensity and suppress interdiffusion, [ 35] as was the Fe/Au(1OO). [36] lt is now becoming accepted that the AF phase of fcc-Fe can be grown on Cu(100) at high T (-200°C) stabilized by an intermixed Fe-Cu buffer layer at the interface. [ 37] The most recent stnlctural studies indicate that the ferromagnetic phase is slightly tetragonally d_storted,while the AF phase is undistorted. [ 38] Evidence has been found in LEED studies for a low-T surface reconstruction [ 39] for films grown near room temperature, but correlations have not been pursued yet with magnetic properties.
The interesting question for microscopists is to what extent the dc values correlate
with the thickness at which misfit dislocations set in to relieve swain. The role of strain in stabilizing vertical easy axes in thin epitaxial films is also _ important question to pursue.
To provide a sense of the strength of the surface magnetic anisotropy in these systems, note that the shape anisotropy corresponds to a field of,--20kOe per layer of Fe; at dc the field associated with the surface anisotropy balances out this field. If dc=5 ML, the surface anisotropy field is --50kOe, since there are two surface or interface layers. Cu and Au are good choices as substrates because their d-bands are filled, so they°s hould not electronically perturb the Fe d-electrons greatly. However, for this same reason they have low surface free energies relative to Fe. Thus, the growth process is unstable wi_ respect to intermixing and segregation. [ 40] For this reason transition metal substrates were also explored in Fig. 1 . Fe grows pseudomorphically on Pd(100), but because of the lattice mismatch there is a strong tetragonal distortion and the resultant structure is bct. [41] Thus, a new structure is created via epitaxy that does not exist in the bulk phase diagram.
Additional interest in Fe/Pd(100) is that the interfacial Pd is ferromagnefically polarized, [42] which leads to higher than expected TC values in the ultrathin regime, [ 43] and to the observation of ferromagnetic hysteresis well into the submonolayer dosage regime. [44] The submonolayer morphology appears to cdnsi_t of a random-site occupancy, rather than of a 2D island structure.[451 t ,.
"
The Fe/Ru(0001) results in Fig. 1 differ in a number of ways from those of the other systems. Firstly, the substrate in this case is the basal plane of a hexagonal material.
The pseudomorphy would suggest the growth of Fe(111) planes that are expanded in-plane and, therefore, expected to be trigonally compressed, rather than fcc or hcp. However, Tian et al.[46] have recently proposed, based on their LEED studies, that only the first monolayer is pseudomorphic, and that thicker films consist of 3D bcc-Fe{ 110} domains in two equivalent Kurdjumov-Sachs orientations. Secondly, vertical easy axes are found for room-temperature growth,[ 47] while low-T growth was used in the other cases in Fig. 1 . This is presumably due to me reduced tendency towards interfacial mixing relative to that for the other systems under consideration. Finally, the first two monolayers of Fe neither yield a ferromagnetic signal nor extrapolate to be ferromagnetically active. It has been reported that Fe/Ru superlattices also have two Fe dead layers at each interface. These results have led to a variety of theoretical spectflations,[48] [ 49] including that at least the first IV. Summmy:
Interest in surface and interface magnetism has increased in recent years. There are many basic challenges as well as possibilities for applications in the magnetic recording field. In the present work a review was presented highlighting recent activities in the field.
Examples of vertical easy axes taken from SMOKE. studies in the author's laboratory were presented and discussed within the context bf future research directions. It is anticipated that the field will continue to attract attention and that studies based on the use of diverse 
